NSL.S BROOKHPAEN
e Sl B NATIONAL LABORATORY
Instrumentation Division

The BNL Silicon Multi-element
detector system for dilute EXAFS
experiments

D. Peter Siddons, Anthony J. KuczewskKi

National Synchrotron Light Source, Brookhaven National Laboratory, Upton, NY

Gianluigi De Geronimo, Paul O’Connor
Microelectronics Group, Instrumentation Division, Brookhaven National Laboratory, Upton, NY

Rolf H. Beuttenmuller, Zheng Li

Semiconductor Lab., Instrumentation Division, Brookhaven National Laboratory, Upton, NY



Current EXAFS detector

head - preamplifiers

~100 channels, > 350 eV, <1 MHz rack — shapers ...



Typical fluorescence EXAFS spectroscopy geometry

Sample

2 — 20 keV
)
Detector Sensor
e Resolution: > 200 S/N _
<300 eVFWHM | Electronics
e Rate : >10 MHz/cm? : frfon;irslidn
> 100 kHz/pixel X fea - g

e Spectroscopy (energy windows)



Resolution vs Rate

rate = R&€ (N = number of pixels)
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Resolution vs Rate
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Optimum pixellation

ENC = (C,(N)+C, )™
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e charge sharing (=20um/side) and trapping (gap/side) : empirical
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Optimum pixellation
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NSLS DETECTOR 12/2081 RHD

P It.w INSTRSENTIIION Qx4 96-channel front-end
S (3 x 32 channel ASICs)

Si n-type high resistivity wafer 250um thick,
N =384 p*~1mmx1lmm pixels, C, ~ 700-1000fF
gaps 10um, 30pum, 50um



Beam through

Sensor

sample



Interconnecting pixel to front-end electronics

Sensor

+ interconnect parasitic

+ bond length

- fringe capacitance

- charge sharing and trapping

Sensor

+ interconnect parasitic

- constraint on ASIC area and layout
- fluorescence from Pb (Sn/Pb/AQ)

- illumination from segmented side

sensor

+ bond length
- interconnect parasitic
- dielectric losses

6mmx10um, Si;N, (¢,=6.5,tan(o) ~ 1m), 3um, 8C,=1.2pF
SFWHM,__.=8.5/q-V(2kTC tan(s)) ~ 180eV

loss

Sensor

+ dielectric losses
+ interconnect parasitic
- bond length
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Sensor — ASIC photo

one quadrant




ASIC channel overview

— continuous reseth

||
® ®
||
high-order baseline - 1
B ¢ -I—_> shaper stabilizer discriminators ]
counters
DACS
HIGH ORDER SHAPER
INPUT p-MOSFET eamplifier with passive feedback
eoptimized for operating region 5t order complex semigaussian DISCRIMINATORS
*NIM A480, p.713 *2.6x better resolution vs 2" order five comparators
SUNS S [BhE 3 *1 threshold + 2 windows
CONT UGS MESED four 6-bit DACs (1.6mV step)
ofeedback MOSFET BASELINE STABILIZER (BLH) -dispersion (adj) < 2.5e" rms
*self adaptive 1pA - 100pA slow-frequency feedback, BGR
low noise < 3.5e- rms @ 1us slew-rate limited follower COUNTERS
*highly linear < 0.2% FS *DC and high-rate stabilization «three (one per discriminator)
*US patent 5,793,254 edispersion < 3mV rms «24-bit each
*NIM A421, p.322 sstability <2mV rms @ rtxtp<0.1
*TNS 47, p.1458 *TNS 47, p.818
— ~ _/ — —— /

~3 mW ~5 mW



ASIC layout cells

DAC cell

" 5 x COMPARATORS - 130pm “DACS digital - 170um  COUNTER cell

3 x 24-bit COUNTERS - 690um



ASIC photo

charge preamplifier shaper with BLH dlscrlmlnators and DACs counters
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32 channels, 3.6 x 6.3 mm?
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Measured resolution
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Counts

1M

100k

10k
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SSFe spectrum

[ I | I | I | I | I | I | I | o
. . & i
[ " Fe Spectrum - single channel &\' ]
| temperature -35°C /\ |
[ rate 10kHz |

peaking time 4ps NAY
3 ] E
- FWHM (Mn-Ko) 205eV ]
I electronic noise 167eV (20e)
[ channels & discriminators enabled |
| counters disabled ({/906 |

| ] ] ]

1k 2k 3k 4k 5k 6k 7K
Energy [eV]
50um-gap, C, ~ 700fF, C, 4 » 50-200fF, C,_,, ~ 220fF
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ASIC overview

Technology CMOS 0.35um 3.3V 2P4M
Size ~ 3.6 x 6.3 mm?
# MOSFETs ~ 180,000
# Channels 32
power / channel ~ 8 mW

# Discriminators

three / channel (1 thr., 2 win.)

threshold adjustment

four 6-bit DACs (1.6mV step)

threshold dispersion (adj)

~ 2.5 electrons rms

# Counters three / channel
bits per counter 24

Gain (settable) 750, 1500 mV/fC

Peaking time (settable) 0.5,1,2,4us

ENC @ 1us

~ 14 + 12/pF electrons rms

ENC @ 4us

~ 11 + 6/pF electrons rms

* self adaptive continuous reset
* high order shaper
» band-gap referenced output baseline
* output baseline stabilizer (BLH)
* test capacitors
 analog and pixel leakage monitors
* plug & play (fully self biasing)
* serial interface
e counters readout
* gain / peaking-time setting
* monitors & test enable
schannel masking
* DACs setting
stoken or chip-select mode




Readout

Ethernet
RS8232
\ 8—chan]—qp
DAC
SP1 bus
Micrupmcessur
module Control a
- —_— =¥
— 8—chan}— 5
ADC |— §
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Analog O
Test O_I Gate
Bias Q— | 08¢
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Readout interface
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Automatic threshold equalization
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Current EXAFS detector

head - preamplifiers

~100 channels, > 350 eV, <1 MHz rack — shapers ...



New EXAFS detector

\

~400 channels, < 300 eV, > 10MHz



Problems with first ASIC run (and solutions)

Significant # of channels don’t work (~30%)
— Due to process problem. MOSIS solved.
Switching any control bit causes whole chip to be disabled for ~3 sec.

— SPI chain was unbuffered on chip, so all channels were disabled then re-
enabled. Re-enable needs 3 sec. Buffering added

BLH fails for negative pulses.

— Any undershoot (e.g. during overload recovery) causes baseline shift for a
significant time. Due to asymmetric behavior of BLH. Added symmetry
components. Simulations shows problem and suggests fix will be
successful.

Second run due soon. All bugs should be fixed ©



Silicon strip detector

A detector consisting of 0.125mm
strips of length 8mm.

This will be used for diffraction
applications or other apps where
1-D position sensitivity is
required with good energy
resolution.




Drift-detectors give large
area while keeping low
capacitance by ‘drifting’
charge through bulk of
silicon to a small collector
electrode.

Wafer has 96- and 384-
element arrays.

Drift-Detector Array




Summary

New detector for EXAFS | Futgre work
 monolithic Si sensor, 400-mm?2 * one ASIC iteration
active area * pixel gap selection (10, 30, 50
e ~ 400 1-mm? pixels Hm)
« 32-channel ASICs « four quadrant (12 ASICs)

assembly / test
» extended user testing at NSLS

First results (single quadrant)
* ENC = 11 + 6/pF e rms @ 4pus
* FWHM < 300eV @ rate < 100
kHz/pixel
» threshold dispersion < 2.5 e rms
e Initial beamline tests: no problems
from beamline environment

Next generation
 Per-channel on-chip MCA
*Microprobes, advanced data
processing
 Larger drift-detector arrays
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